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ABSTRACT 


The  fluorine  conleni  of  fabric  samples  treated  witli  tliree 
different  f luorochemical  finishes  has  been  determined  by  means  ol  both 
chemical  and  neutron-activation  techniques.  Tlie  results  obt  lined  using 
the  two  analytical  techniques  are  compared,  and  the  advantages  of  neutron 
activation  are  discussed. 


RESUMK 


On  a determine  la  teneur  en  fluor  des  tissus  traites  avcc 
differents  finis  f 1 uoro-chemiques  en  procedant  a la  fois  par  analyse 
chlmlque  et  par  activation  neutronJque.  On  compare  les  resultats 
obtenus  avec  ces  methodes  analytiques,  et  on  discute  des  avantages 
de  1' activation  neutronique . 
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INTRODUCTION 


DREO  has  been  actively  engaged  in  studying  and  developing  oil- 
and  water-repellent  textile  finishes  suitable  for  use  on  specialized 
clothing  employed  by  the  Canadian  Forces.  Certain  fluorine-containing 
polymers  are  especially  effective  in  providing  the  desired  protective 
properties  and  are  alsc  useful  in  augmenting  the  overall  effectiveness 
of  less  expensive  hydre carbon-based  water  repellents.  Such  "f luorochemical" 
finishes  are  usually  ai plied  by  wetting  the  fabric  with  a solution  of 
the  f luor ine-containlnj  polymer  in  an  organic  solvent,  or  with  a dispersion 
of  the  polymer  in  watei , and  then  drying  and  curing  under  controlled 
conditions.  In  this  w;  y the  constituent  fibres  of  the  fabric  become 
coated  with  a coherent  film  of  the  f luoropolymer . 


Methods  of  r ensuring  the  fluorine  content  of  such  treated  fabrics 
are  of  interest  in  ordi r to  confirm  that  manufacturing  specifications 
have  been  followed,  an<  to  determine  the  durability  of  the  finish  during 
wear  or  in  the  laundering  process.  In  addition,  such  measurements  have 
made  it  possible  to  re  ate  the  loss  of  repellent  properties  after  laundering 
to  a probable  dlsorienl  ation  of  the  f luoropolymer  -jubstituents  at  the 
surface  of  the  finish  lather  than  to  a significant  loss  of  the  finish 
material  itself  (1). 


Chemical  met 
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fabric  and  so  do  not  permit  continuing 
led  out.  Neutron  activation  analysis, 
tive  technique  which  can  be  adapted 
of  a treated  fabric  sample,  and 
analysis  have  recently  been  developed 


This  report  compares  the  results  of  fluorine  analyses  of  a 
selection  of  treated  f; brics  as  obtained  by  means  of  both  chemicaJ  and 
neutron  activation  teclniques.  The  fabric  samples  employed  were  nylon/ 
cotton  (50/50)  twist  f; brics  weighing  270  g/m^  (5  oz/yd^)  which  had  been 
treated  with  various  ctmmerclally  available  fluorochemical  finishes. 

The  amount  of  any  f 1 uoi ochemlcal  applied  to  these  fabrics  was  such  that 
the  fluorine  content  ol  tne  resulting  finish  was  less  than  \%  by  weight 
of  the  fabric. 
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MATKRIALS  AND  MKTIIODS 


Rinishos 


Tho  n uoroi'lioml  oa  J I'inlshos  solootoii  Im  sluiiy  woro  all  obiainoJ 
1 I roni  commoro  ia  1 souroi's  ami  usod  as  rocolvoil.  I'hoso  linisltos  ari‘  listed 

in  Table  1 . 


'lyuu.i:  1 

Kluonvhomlca  1 Klnlslu-s  Simlii'd'' 


Name 


Clioniical  Description 


Smiri  i'  oi  Supply 


i'C-232  W.iCor-basoil  f 1 noropo  lymer  3M  Companv 

Zepel  B Water-based  f 1 unropo 1 vmer  Dnpent 

Tlnotop  T-10  So  1 venL-based  two-component  Ciba-Celpv 

finish  con  tain  inn  ••  fluoro- 
polymer  and  methacrylate 
ad i nnct  . 


Use  of  a commercial  product  does  not  implv  reconum  ndat  ion  or  approval 
of  that  product  bv  the  Department  of  National  Defi  nee  to  the  exilusi>>n 
of  other  products. 


Kab r ic  Treatment 

A SO/SO  nv  lon/ci’t  ton  twist  fabric,  dyed  but  otherv^ise  uni  ini  died, 
weinhing  270  n/ni*  ('>  oz/vd  ),  was  used  as  the  labric  substrate  ioi  all 
experiments . 

' Appropriate  treatment  baths  containinn  the  finishi's  listed  in 

Table  I were  made  up  in  accordance  with  the  manul act urer ' s lechni*'al 
brochure  associated  with  each  finish.  The  FC-232  and  Zepel  B Iteatmenl 
baths  contained  3Z  solids  by  weight,  while  the  Tlnotop  T-10  h.ith,  which 
employed  perchloroethv lene  as  solvent,  contained  12  solids  by  wi’ight. 
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Using  a two-Uip/twi'-nip  prooeilur.' , a ntimhiT  ul  labric  sampi»-s 
were  padded  on  an  Atlas  padding  machine,  Typo  LW-1,  to  a wet  pick-up 
of  70-IOOZ  with  each  tlie  finishes.  Following  padding,  tlie  tabrics 
were  dried  at  room  temperature  and  then  cured  at  145°U  for  I'ight  minutes. 

The  same  fabric  substrate  liad  been  Ireateii  previously  in 
commercial  mills  with  each  of  the  finishes  listed  in  Table  1 under 
similar  conditions  to  those  used  in  the  laboratory.  These  ct>mmercial 
samples  were  included  in  the  fluorine  analysis  experiments  for  comparison 
purposes . 


A.N A1.YT  1 CAL  TECHN  1 QUES 


Chemical  Metiiod 


Tie  chemical  method  employed  at  UREO  for  determining  the 
fluorine  content  of  treated  fabrics  is  similar  to  the  standard  AAi’CC 
procedure  (3)  for  fluorine  determination. 

Oie- inch-square  sample  pieces  are  cut  from  the  fabric,  weighed, 
and  then  comiletely  burned  in  air  in  a 500-ml  Schoniger  Combustion  Flask 
containing  13-20  ml  of  wati*r.  Four  separate  combustions  of  single  one-inch 
fabric  squares  are  carried  out  and  the  aqueous  solutions  which  contain 
the  fluorides  resulting  from  each  combustion  are  combined.  The  combined 
solution  is  then  titrated  with  0.02N  thorium  nitrate  using  sodium  alizarin 
sulfonate  as  an  indicator.  The  entire  combustion/titration  procedure  is 
repeated  a total  of  three  times  to  give  three  replicate  determinations. 

I'hc  wi'ight  of  titrated  fluorine  is  determined  by  reference 
to  a calibration  gr.iph.  This  graph  is  produced  by  titrating  known  amounts 
of  lithium  fluoride  with  0.02N  thorium  nitrate  using  sodium  alizarin 
sulfonate  .is  the  indicator. 

Tie  fluorine  content  of  a given  fabric  sample  is  calculated  by 
dividing  the  total  weight  of  titrated  fluorine  rei;ultlng  from  the  12 
combustions  by  the  combined  weight  of  the  12  one-  nch-square  samples  and 
e.xpressing  the  result  as  a percentage. 

The  error  associated  with  this  method  s normally  1 to  5!^,  with 
the  measured  fluorine  content  usually  lower  than  that  known  to  be  present. 
The  major  contribution  to  this  error  results  from  Incomplete  combustion 
of  the  very-hlgh-molecular-weight  fluorlnated  polvmers  present  in  the 
finish,  as  Indicated  previvujsly. 
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In  a variation  of  this  procedure,  a f luoride-sensit ivi  eiectrodt 
coupled  to  a pH  meter  with  an  expanded  scale  can  be  used  to  replace  the 
titration  step.  Once  the  meter  has  been  calibrated  with  solutions  of 
known  fluoride  concentration,  the  concentration  of  fluoride  in  the  conibus- 
tion  solution  may  be  read  directly. 


Neutron  Activation  Method 


As  will  be  described  in  more  detail  in  a forthcoming  report 
(4),  consideration  of  the  various  fast-neutron-induced  reactions  by 
which  fluorine  can  be  activated  led  to  the  choice  of  the  * ’F(n  ,2n)  ’ ®1'’ 
reaction  as  being  the  most  suitable  for  the  determination  of  fluorine 
in  fabric  samples.  In  particular,  this  reaction  is  least  subject  to 
interference  by  reactions  produced  in  the  constituent  atoms  of  the 
fabric  or  by  other  activities  produced  in  fluorine.  The  same  reaction 
has  also  been  previously  considered  for  the  determination  of  the  fluorine 
content  of  Quarpel-t reated  fabrics  (5),  but  in  this  case  an  inconsistency 
in  some  of  the  data  was  noted. 

The  isotope  ' ®F  is  a positron  emitter  with  a half-life  of 
about  110  minutes,  and  measurement  of  the  amount  of  * ®F  formed  depends 
on  detection  of  the  0.511-MeV  y-rays  which  are  produced  as  the  emitted 
positrons  come  to  rest  and  annihilate  with  ordinary  electrons  in  the 
material  surrounding  the  activated  sample.  Two  such  ytays  are  emitted 
in  each  annihilation  process  and  both  of  these  could  be  detected  in  a 
coincidence  arrangement  involving  two  scintillation  detectors,  or  else 
only  one  of  the  two  (|uanta  could  be  detected  with  a single  detector. 

In  the  present  instance,  since  only  a single  activity  was  to  be  measurid, 
and  because  the  spectrum  was  not  complex,  a single  such  we  1 1 -shielded 
detector  was  found  to  be  adequate.  The  main  interference  was  expected 


to  be  due  to  the  10-minute  positron  emitter  * produced  by  the  N(n,2n)‘  N 
reaction  in  the  nylon  component  of  the  fabric.  Such  interference  with 
the  determination  of  ^ ®F  can  be  effectively  avoided  by  delaying  the 
start  of  counting  until  2-24  hours  after  the  end  of  the  neutron  irradiation, 
at  which  time  the  contribution  of  * to  the  measured  activity  will  have 
become  insignificant. 

Activation  of  the  coated  fabrics  was  carried  out  using  14. 9- 
MeV  neutrons  produced  in  the  ®H(d,n)'*He  reaction  by  the  DREO  150-keV 
Cockcrof t-Wal ton  neutron  generator.  A total  neutron  output  of  about 
lO' ® n/sec  was  generally  attained. 
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riu'  t.il'iiv-  scimpU's  1 1'  l'«'  .maly^t'd  t'V  .k- t i v.i  ( i I'u  wcic  »'vit  iiiiv' 
viii'viKn  ili^v's  mm  vl'l  iiu  10  in  vl  i .iiiu't  im  v-hiih  wi'ii'.lu'd  .iboiu  100 

'10  iii>;  I'.ii  li  ,iiui  wi'i«'  0 . J .5  t >'  0.  io  mm  1 1'  1 •<  mils''  thiv.-k.  I’lii'i  i 

i r i ad  l.it  iv'n , t ho  total  mimhit  ot  t.ihiio  disos  whioh  wimo  t > he  ,u'  iv.itod 
was  >.a' I I lo  t i VO  I V soalod  in  jw' 1 \ ot  liv  lono-ii'at  od  Mv  1 a i lilm,  I'.O'S  imii 
1 1 . 'i  miUO  ihiok  vO.?''  mil  ('o  I \a't  hv  1 ono  f 0.7S  mil  Mvlail,  in  v'ld'i  tv' 
ii'tain  it'ooil  * '*V'  nvioloi  whuh  v'thotwiso  oouUI  o^i^al'o  t t am  tin'  sai.iplos 
vtufiny  itiadiation.  I'ho  iioalovi  tahtio  sami'U's  woio  ;;andwivhod  hoti>oon 
twv>  similailv  soalod  viisvs  ot  0.0'' 1 mm  (.J  mill  lotion  t i Im.  I'ln  lotion 
ilisos  siMVod  as  1 'toroiu'v'  lUaiulaids  oontainiuo.  a kiu'wn  amount  v'l  luoiiiio 
^7C'*)  aiu!  woto  ao  ivato\.l  at  t tu'  saiiu'  t inu-  as  tho  tahtio  in  ossontiallv 
tho  samo  nouttv'n  ;'ln\.  This  saiuiwioh  ot  the-  maioiials  to  ho  aotioiti'd 
was  hold  rijtivllv  'I'twt'on  tv>v'  disvs  ot  po  Ivst  viann'  J.s-i.,'  mm  t ' '’1  h 

tuoh)  thiok  whioh  woto  In'lti'd  tv'ktothof,  and  t iu-  voholo  unit  was  plaood 
diu'vtly  on  t lu-  w it  ot -oi'o  1 od  t.ii'>;ot  oap  ot  tho  noutton  y.t'uoiatot.  P«‘tail>. 
v't  tho  pi’ lyst  V t on  ' holdi-t  and  tho  oompononts  ot  tho  sandwioh  aio  shown 
in  Kijtuio  1. 
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1 1 I ad  t .It  ioit , t ht>  Soalod  t.ihiiv'  and  lolli'n  s.impU's  woii- 
aotivitv  ot  o<ti'h  w.is  di'tofminod  hv  mo.ins  v't  .i  ' . o om  \ 
int  I'ltf.t  1 1 V mv'unt  OvI  N.iti,ril  Sv' iut  i 1 l.tt  iv'n  vK'tv'vtv't  auvi 
tn.ilvzof  sv't  tv'  vv'Vv'f  tho  whv'lo  v't  tho  t> . 1 1 -M.A' 

'.ilovi  s.implos  Wv'tv'  o.iv'h  v'v'untovi  in  tutu  tv't  poti.'vis  v't 
tho  vlov.iv  v't  I'.ioli  w.is  tiiv'u  i t v't  t'vl  tv'i  ,i  lonyth  v't  t tmo 
ihlish  tho  piosv'Uv'i'  v't  thv'  vh.u  .lo  t o i i s t i .•  llO-minutv' 

I'ho  t Iv't  nil'  vv’iitont  ot  ,1  y i von  l.ihi  i.'  samplo  was  t lion 
usu.il  m.uinor  hv  vv’inp.ir  iit>;  its  avtivitv  with  th.it  v't  t lu 
iitivitv  v't  tho  t Wv'  lotion  St  .uivl.nvls . 
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r.ihli'  11  itiii".  tho  tluv'iino  vv'iitont  .'t  t lu-  t.ihiio  suhsti.ito 
Ito.itoil  with  dittv'tont  t 1 u.' t v'lliom  i v .i  1 tinishos  .is  dot  v'lminod  hv  vhoiiii  v.i  1 
.iiid  iioiit  ton-. lit  iv.it  ion  .in.ilvsos.  In  o.uh  v-.iso,  tho  pi'ivon  t .lyo  tluoiino 
bv  woiitht  fopiosonts  tho  t.'t.i'  tluv'iino  oont  r i hut  OvI  hv  t lu'  t 1 lU' i ov'hom  i v.i  1 
tinish.  This  v.ilut'  is  suhs  t .int  i .i  I 1 v lo.ss  t ti.in  tho  tv't.il  wi'iyht  v't 
finish  .iddoii  v'n  to  tho  t.T.'iio  t.ipp'oxim.it  o ly  \X  woii’.ht  .ulvl-on  in  tho  v .iso 
ot  tho  w.it  ot -haso.t  tinistu's  .nul  I'll  woiitht  .idd-on  tor  tho  sv’ 1 vont -h.isovl 
tinish),  siiu'o  tlu'so  titiislus  iv’iit.iin  non-t  liiv'iin.it  I'vl  moii'tios  v'l 
.iiljiinots  whiv'h  vU'  not  vv'ntiihutv'  tv'  tho  tluv’iino  oonti-nt  ot  tho  tinish. 
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.1  sin>tli’  disv  , both  bo'Muso  ot  tho  pvv'p.ross  I vo  Iv  >tio.itoi  dist.inoo  I't 
o.ioh  diso  t fo'ti  tin-  ih'toitoi  sut  t .100  and  .il.so  boo.ui.so  I't  i-r.iv  .ibsorpt  ion 
in  tho  undorlvini;  dis.  s.  I’t  o 1 imin.irv  mo.isuror.iont  .s  su^jtost  th.it  this 
oftoot  .uni  lint  s to  loss  th.iii  .’1'  ior  tho  i.iso  v-it'  throo  disos  .nui  lu  lu-o 
would  ton.  t.'  bo  m.iskod  bv  tin-  .'.mp.i  r.ib  1 o unooi  t lint  v .it  t 1 ibiit  .1.' !o  to 
rount  iiikt  ' t .It  isi  ii  s . 

Iho  tlu.'iiin-  N.iliii's  doti'tminod  bv  tho  tw>'  .lilloioni  .in.i  1 vt  i ..i  1 
t >'ohn  i .Jill  . .lu-  v.onoi.illv  in  .n'.ioomont  with  .'in-  .inothoi  i.  i I h i n tho  limit' 
ot  tho  i|u'ti-d  unooi  t .1  i lit  1 0-; , .1  ! t hointh  in  Si'mo  o.isos  ihoio  is  .111  o\idont 
I oiuh'iiov  iv'i  tin'  oln'iiiii'.il  rosiilts  tv'  bo  sv'iii.-wh.it  U'woi  1 h.iii  tlu'so 
v'bt.iinoil  I'v  noutri'ii  .u- 1 i v.it  i I'li . Wliilo  siu  It  .1  ti'iivloiuv  v.is  lU't  unoxpt'o  i i-vi , 

lor  ro.isv'i'.s  .ilro.idv  .1  i Sv-ussi-vi , it  slu'iild  bo  pointv'd  out  th.it  t ho 

s.implos  whiv'h  wort-  .in.ilv.’.oil  bv  tho  twi'  tov-hniviuos  woiv-  1 v't  idontir.il, 
bi'inft  t .ikon  t ' v'ni  vlittoVv'iit  .no. is  ot  tin-  t.ibriv-  tv'll.  I'lius,  tin-  iiii  i 1 v'rmi  t -. 
v't  tho  t 1 uv'rv'vhoiiii  V .1 1 tinish  v'voi  tho  .iro.i  ol  tho  l.ibii.  Wv'ul.l  bv’  .111 
import. lilt  t.iv-tv'i  .1 1 t ov' t i n>'.  tho  .ivti  i-omont  tv'  bo  v-xpo.tovi  I'v-t  wv-i-n  tho  rosuli 

v'bt.iinovi  I'V  tho  t wv'  .111.1 1 V t i v'.i  1 mi-thv'ds.  rtu-  p,ii'.itoi  oxpi- r i nu-n  t .1 1 .i.-vur.ivv 

t>tonot.ill\  .It  t .1  i n.ib  1 o with  tho  .ut  iv.it  iv'it  .is  v-v-ru'.irovl  with  t ho 

v'hoiiiiv.it  toohnivpn'  suvtvtosts  th.it  lu-uttv'n  .u' t i v.it  i v'li  .I'u.vl  pii'vivlo  .1  usotul 
mo.ins  't  invv-st  i v,.it  ill)’,  tin-  vU-t.iilovi  unilv'niiitv  .'t  tho  t uv'rvu'hoiiii  v.i  1 
tinisli  v'Voi  .111  .110.1  i'l  .1  t ro.it  I'll  t.ibriv-. 
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Fluoriat*  Contt-nl  of  a Nylon  Co 1 1 on  Kabr  1 Tro.ito8 
With  Different  FUioroiiiemical  Finishes 


Fahrie  Finish 

I lien  t i f ieat  ion 


Source  of  X Fluorine  hy  Wei>;ht  ol  fat’i 
Treatment  Schonlger  Sent  r.M-. 

Ci>mbust  ion  A t iv.it  ii>n 


A 

FC-232 

Labor at  ory 

0.8  3 

‘ 0.03 

0.8  iO  • 

V.'  . V 

B 

FC-2 32 

Commerc i a 1 

0.  ■ 1 

0.03 

0 . b9  1 

J-*.  ' 

C 

Zepel  B 

Laboratory 

0 . -t(i 

0.01 

0.  ->02 

U.  . 

D 

Zepe  1 B 

Commercial 

0.40 

0.01 

0.  i20 

0 . v*' 

E 

Zepe  1 B 

Commercial 

0.43 

0.01 

0.  .f.  !.:• 

0 . ■ 

F 

Tinoti'p  T-10 

Laboratory 

0.2S 

0.01 

- 

C 

Tinotop  r-IO 

Commerc i a 1 

0.24 

0.01 

U,  - 

tl 

None 

- 

0 

.02^’ 

0. 

cV 

Within  the 
t echo ique . 

experimental 

error  assoiiated 

with 

the  chemi. 

.1 ! .in.i  1 

1 

No  distinct 

evidence  of 

’ *’f  hal  f-1  i fe. 

Unclass  1 f ied 


I'lius , ii  is  apii.ircut  tli.it  neutron  .U'tlv.ii  ion  an.ilysis  li.is  ;i 
number  ot  ilistinci  .ulv.int  .i>',es  i>v»*r  t!u’  clu'm  i t'.i  I t tnlin  i qiie  . Ap.irl  I i oiii 
t iu'  Itip.lier  potenti.il  .iceur.u'V  in  the  metliod,  t lie  tiM'lin  ique  .ivoiils  the 
inheient  uneer  t .1 1 nt  v involved  in  obtn  in  1 n)^  eoiiipU-te  eoinbiisl  ion  ol  the 
s.imple  in  onler  to  ei'iivert  the  fluorine  to  an  inorp.inie  form  suitable 
tor  iheinie.il  manipulations.  In  .uldltion,  a smaller  s.imple  ol  the  f.ibrie 
e.'in  be  emplovi'd  than  is  re(|uired  lor  analysis  by  ehemieal  me.ins.  lieinn 
a non-dest  met  i ve  leihniiiuc-,  lU'ut  ron  .ictivation  will  permit  .in.ilyzed 
samplet  to  be  replaced  in  the  fabric  substrate  (e.^t.  by  stileliiny.)  in 
ordei  that  further  tests,  such  as  launderinn  or  wearing,  e.in  be  carried 

out,  .ifter  which  the  same  sample  c.an  be  removed  and  .in.i  I vzeil  .ip..iin. 

The  teli.ibiliLy  ol  the  neutron  vict  i v;it  1 on  tieliniiiue,  .is  (U'VelopinJ 
.It  L)RKO,  ilepends  lar>ely  on  I'fleetive  retention  ol  those  active  rt'coll 
' ”K  nuclei  whie-h  h.ivi  sufficiiuit  kinetic  energy  to  ese.ipe  1 1 0111  either 

the  tabric  s.imples  01  the  iT’tlon  st.indards.  It  is  prob.ilili-  I liat  the 

loss  or  migr.it  ion  of  these  .ictive  nuclei  was  responsible  for  I lie 
inconslstencv  in  some  of  the  d.it.i  which  was  noted  in  previous  work  (5) 
which  employed  the  saiiu'  nucliMr  reaction  and  a similar  technique. 

In  neutron  .act  iv.it  ion  .analysis  the  f.all-ott  in  the  neutron 
flux  aw. IV  from  the  target  is  of  concern  when  .1  sandwich  .an  .inp.ement  ol 
s.imple  .and  st.indards  Is  emploveii,  since  different  specilie  aelivltii-s 
will  be  induced  in  the  siicci’ssive  components  of  i Iu-  s.iiuiwieii.  In  tlu' 
prestait  inst.anee,  the  specific  .activities  of  the  two  'I'l'llon  .si  ind.irds 
eouUI  differ  bv  up  to  11%  (for  the  e.ase  ol  tliiiu’  l.abric  discs  i 11 1 or  posi-d ) 
as  a result  of  tiu'  I I ux  gr.ulinit  through  tin-  sandwiidi.  i'lie  l.ict  that 
the  analytical  results  .appe.ari'd  to  hi'  indepeiulent  ol  tlie  number  of  tabric 
discs  on  which  tile  determin.it  ions  wt'rt'  b.ased  implied  t li.at  tlie  I lux 
gradient  w.as  I'ssenliallv  linear  .uross  tin-  thickness  o|  the  s.indwieli. 

'lluis , in  this  c.ase,  Ihi'  average  specilii-  activity  ol  tlu’  two  i'eflon 
st.indards  provideii  .1  me.an  i ng,  I u 1 measure  i>f  tlii'  neutron  linx  .il  1 lie 
position  ot  till’  l.aliric  sample.  This  t I'chn  1 (pu’ , liowever,  has  its 
limitations  il  the  s.indwieli  is  loo  tliick  becausi  , as  well  .as  tlie  i-xpectetl 
inverse-square  vari.al  ion  at  Larger  ilistani  's,  the  lu'ui  ron  I lux  tails 
off  so  rapiilly  near  1 he  target  that  there  Is  potiaitlal  for  an  in.iccur.ate 
estimate  of  the  av»*r.  gt-  I I ux  . More  unifoim  i r rad  i .11  1 on  ol  t lu’  I'omponents 
of  the  sandwich  couUi  be  .it  t. lined  bv  rot.al  ion  ot  the  s.indwieli  .iboul  .111 
axis  perpendicular  t<  the  .axis  ol  tlu'  dmii  eron  be.iiii  so  tli.al  , .'ii  .iv»M'.ai’,e , 
the  sandwich  would  hi  Irradiated  equally  rom  both  sides,  .and  t lu'  I lux 
fall-off  would  be  eflei't  i vi- 1 y compens.at  »•<!  Ii>r. 
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CONCLUSIONS 


1.  Nciitri'n  .u’t  iv.it  ion  anii  Sohoninoi  I'ombust  ion  t oolin  iquos  lor 
dflormln  Inn  t tio  amount  oi  tlnoriiu*  present  in  f luororliemi  eal-t  realed 
fabrics  give  resiiJts  wliicii  are  In  noneral  agreement.  The  activation 
ti'Clinlque,  as  well  as  reqn  rinn  a smaller  sample  for  analvsls,  can  provide 
greater  experimental  accuracy  (~l-2%)  as  compared  to  the  chemical 
ti’Chnlque  (~l-5%),  and  is  free  from  Inherent  uncertainties  pecull.ir  to 
the  chemical  method. 

2.  Neutron  .ictlvallon,  unlike  the  chemical  techniqiu',  is  non- 
destructive and  so  permits  continuing  tests  to  be  carrieii  out  on  the 
same  fabric  sample. 

3.  The  potential  accuracy  of  the  neutron  activation  tecliniquc 
would  permit  an  invest  ig;it  ion  of  tlie  detailed  unifoimitv  of  .i  f I uoroi  hem  i .-.i  I 
finish  over  an  area  of  a co.iled  fabric. 
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